There is a bidirectional and complex relationship between the heart and kidneys. This interaction is physical, chemical as well as biological and is also reflected in a strong connection between renal and cardiovascular diseases. Cardiorenal syndrome type 4 (CRS type 4) is characterized by primary chronic kidney disease (CKD) leading to an impairment of cardiac function, with ventricular hypertrophy, diastolic dysfunction, and/or increased risk of adverse cardiovascular events. The incidence of CKD is increasing, and CRS type 4 is becoming a major public health problem associated with a high morbidity and mortality. In this study, we briefly review the epidemiology and pathophysiology of CRS type 4, the role of biomarkers in its early identification, and its management.
Epidemiology and Pathophysiology of CRS Type 4
According to recent data, patients with evidence of CKD have a 10-to 20-fold increased risk for cardiac death compared to age-and sex-matched controls [1] . Even mild reductions in kidney function may result in a significant increased cardiovascular risk [5] . Evidence of elevated cardiovascular morbidity and mortality in patients with mild to moderate renal dysfunction has been reported in community-based studies [5] [6] [7] . All these studies documented an inverse relationship between renal function and adverse cardiovascular outcomes [1] . In the last decade, it has been demonstrated that the early stages of CKD are associated with an inflammatory state [8] which may increase the cardiovascular morbidity and mortality risk in the long term [9, 10] more than the risk of progression to end-stage renal disease (ESRD) [9, 11] . Patients with CKD stage 1-3 have a 25-100 times higher risk for cardiovascular events than for renal events, and it is only in CKD stage 5 that ESRD is the most likely outcome [12] .
Cardiovascular risk factors such as hypertension, anemia, hyperphosphatemia, volume overload, and uremic toxins usually develop when eGFR is below 60 ml/min/1.73 m 2 [13] , while subclinical atherosclerosis, which also affects renal circulation, starts to develop in the early stages of CKD [12] . Untreated or inadequately controlled hypertension is considered one of the most important risk factors for CKD progression [14] . Hyperphosphatemia seems to increase the cardiovascular risk in the CKD population too [15] as it plays a role in vascular calcification, which promotes arteriolosclerosis and increases vascular wall stiffness [15, 16] . Indeed, serum phosphorus level has been associated with increased rates of myocardial infarction and cardiovascular death in patients with CKD stage 3-4 [15, 17] .
It has been demonstrated that inflammation enhances cardiovascular risk and mortality in hemodialysis (HD) [18] and peritoneal dialysis (PD) patients [19] . With further progression of renal parenchyma fibrosis and glomerular sclerosis, the clinical picture evolves into overt uremia. As renal function declines to the point where 'uremia' ensues, toxic molecules and [20, 21] , so the resulting hostile milieu is believed to produce heightened oxidant stress and inflammatory cytokines responsible for accelerated atherosclerosis [3] . LV hypertrophy is present in 25-40% of patients who initiate dialysis [22] and has been shown to be associated with decreased survival. Anemia and hypertension play a pivotal role in its pathogenesis [15] . Patients undergoing HD are also predisposed to develop coronary artery disease (CAD) [23] . Goodman et al. [24] suggested that CAD is common and tends to progress in young HD patients as well.
In small-to-medium-sized vessels, dyslipidemia, oxidative stress, and systemic inflammation result in endothelial dysfunction, arterial stiffness, smooth muscle cell proliferation, and consequent ischemic heart disease. Such combination of events results in a real CRS type 4 ( fig. 1 ).
HD per se increases chronic inflammation by several mechanisms. The first one is the contact between blood and the artificial dialysis membrane, which induces complement activation, nitric oxide, and cytokine production [25, 26] . The second mechanism is blood exposure to contaminants, which may be present in the dialysate and may cross the dialysis membrane by back-diffusion and back-filtration stimulating monocyte activation [27] . A third component concerns the possible presence of catheters or synthetic grafts with tunnel or exit site infection, which represents a source of infection and inflammation [28, 29] . Addi- Color version available online tionally, fluid overload should also be considered an important cardiovascular risk factor responsible for extracellular volume expansion and ventricular enlargement [30, 31] .
The PD modality also contributes to an increased risk of cardiovascular morbidity with similar mechanisms via fluid overload, inflammation, oxidative stress, infection, malnutrition, endothelial dysfunction, and atherosclerosis [32, 33] .
Biomarkers for the Early Identification of CRS Type 4
Recent studies have evaluated the utility of biomarkers in the assessment of the cardiovascular risk in CKD population. Several biomarkers such as troponins, plasminogen activator inhibitor type I, homocysteine, brain natriuretic peptide (BNP), C-reactive protein, serum amyloid-A protein, ischemia-modified albumin, and advanced glycation end-products have been demonstrated to correlate with cardiovascular outcomes in CKD patients [34, 35] .
Both BNP and troponin T (TnT) seem to have a good predictive value for cardiovascular disease in patients with CKD [36, 37] . Elevated TnT and NT-proBNP levels were found to correlate with hypervolemia and to identify a subgroup of asymptomatic ESRD patients with a 2-to 5-fold increase in cardiovascular mortality [38] . In PD patients, NT-proBNP is also a marker of LV dysfunction and cardiovascular congestion, which has been shown to be a good predictor of cardiovascular death and all-cause mortality [39] . Increased TnT levels represent a strong and independent predictor of global cardiovascular mortality in clinically stable HD patients [40] [41] [42] ( table 2 ) .
Renal biomarkers such as cystatin C (CysC) and neutrophil gelatinase-associated lipocalin (NGAL) have been recently found to be diagnostic and prognostic markers of cardiovascular outcomes in CKD [43] . Higher levels of CysC have been demonstrated to be directly involved in the atherosclerotic process [44] and are associated with increased LV mass and its concentricity independent of renal function [45] . Increased NGAL expression has been found in atherosclerotic plaque and failing myocardium in patients with CAD and heart failure [46, 47] . Its levels correlated with disease severity independent of coexisting renal injury [47, 48] ( table 3 ) . 
Management of CRS Type 4
Medical Therapies to Improve Cardiovascular Outcomes CKD is associated with increased sympathetic activity and renin angiotensin aldosterone system (RAAS) activation which may induce chronic inflammation and oxidative stress [49] . In patients with mild to moderate renal disease, angiotensin-converting enzyme inhibitors (ACEIs) have been shown to improve cardiovascular survival independent of the severity of myocardial disease [50] . Their favorable effects on neurohormonal activation, hemodynamics, and ventricular remodelling may explain their positive effect on arrhythmic events in dialysis patients. Pun et al. [51] found that the use of ACEIs or angiotensin receptor blockers (ARBs) and beta-blockers (BBs) was significantly associated with improved survival in ESRD patients after cardiac arrest. ARBs have been shown to reduce oxidative stress and inflammation, suppress the RAAS, and decrease cardiovascular events in hypertensive patients [52, 53] . There is a paucity of data regarding the use of ARBs in the prevention of cardiac mortality in dialysis patients. A small randomized trial of candesartan in dialysis patients demonstrated a reduction in cardiovascular events and fatal arrhythmias, though the significance of the latter finding was limited by the small number of events [54] . Another small trial by Suzuki et al. [55] proved that treatment with an ARB may effectively reduce fatal and nonfatal cardiovascular events in dialysis patients. Larger trials are needed before any firm conclusion on the use of ARBs for preventing cardiovascular events and sudden death in dialysis patients can be drawn. BBs have been demonstrated to reduce the risk of cardiovascular death in patients after myocardial infarction and heart failure. In the Bezafibrate Infarction Prevention study, the authors found that BBs reduce the cardiac risk in CAD patients with or without CKD [56] . Cice et al. [57] randomized 114 dialysis patients to receive carvedilol or placebo and demonstrated a significant reduction in cardiovascular mortality and a trend towards a reduction in the occurrence of sudden death. Some studies suggested that HD patients treated with BBs had lower overall and cardiovascular mortality [58, 59] .
Up to now, there is no final clinical recommendation regarding the best mode of coronary intervention in CRS type 4 patients.
Dialytic Strategies to Improve Cardiovascular Outcomes
Advances in dialysis technology may improve hemodynamic stability, reduce oxidative and inflammatory stress and produce more efficient removal of low and middle toxins leading to the concept of 'cardioprotective dialysis'. The application of new technologies involves the use of new biomaterials designed to ameliorate inflammatory responses and enhance membrane performance as well as the use of machines whose functions are well integrated in terms of safety, quality of therapy, performance and monitoring.
Several studies have shown that dialysis treatment does not significantly reduce levels of inflammatory markers [60, 61] . It is intuitive that HD or PD which lead to negligible improvement in inflammatory biomarkers or worsening levels over time, are unlikely to have a significant impact on cardiovascular outcomes. A Cochrane meta-analysis on biocompatible membranes revealed a reduction in the beta-2-microglobulin (β 2 M) level, an increase in albumin concentration, and an improvement of Kt/V, although mortality was not affected [62] . House et al. [63] did not find any benefit of high-flux polysulfone membranes compared with low-flux membranes in terms of lipids and homocysteine levels in a controlled trial. In contrast, Chauveau et al. [64] , in an observational study, have shown that high-flux membranes were associated with improved 2-year survival. Different studies have reported that 'hemofiltration' or 'hemodiafiltration' treatment was associated with better blood pressure control, lower incidence of intradialytic hypotension or arrhythmia, better β 2 M and phosphate clearance, reduced inflammation and oxidative stress as well as reduced hospitalization rate [65] [66] [67] . Importantly, improvements in patient monitoring during HD may improve safety and tolerability. Blood volume control using biofeedback systems has been developed to modulate blood volume and plasma refilling by adjusting the ultrafiltration rate and conductivity.
PD might circumvent the hemodynamic instability of frequent and rapid ultrafiltration associated with conventional HD. However, some data suggest that PD is associated with a lower mortality than HD in the first 1-2 years; afterwards, the mortality may be higher on PD than HD. Conversely, other registry data do not support this finding. Further long-term studies assessing surrogate and hard endpoints of cardiovascular outcomes in PD are required [33] .
Conclusion
In conclusion, it is clear that CKD patients face an unrelenting assault on the cardiovascular system from a variety of fronts. It is likely that many factors will be discovered and woven into an already complex fabric of metabolic, inflammatory, infectious, immune, and genetic factors. For instance, the roles of apoptosis, altered immune homeostasis, and latent infection on cardiovascular function and pathology in uremia remain to be completely explored. A better understanding of this pathophysiological mechanism may provide a potential target for intervention. In uremic and dialyzed patients, an altered monocyte function and a decreased monocyte HLA-DR expression may represent other interesting aspects to explore and to evaluate immuno-mediated organ cross talk and heart-kidney interactions.
